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Claims 

1. A grinding machine having a conventional grinding wheel 
mounted on the machine wheelhead forwn^ement parallel to the 
X and Z-axes of the machine (where thd Z-axis is the axis of 
rotation of the workpiece and the X-axis is perpendicular 
thereto) , wherein the wheel is mounted for rotation about an 
axis which remains parallel to the wofrkpiece axis of rotation, 
X and Z-axis drive means are provideA for moving the wheelhead 
relative to the workpiece parallel to the X and Z axes 
respectively, and control signals for determining the advance 
along the X and Z-axes are derived/ from a programmed computer 
which causes the wheelhead to /advance towards and into 
engagement with a cylindrical surface of the workpiece along 
a line of action which subtends in angle of less than 90° to 
the Z-axis, the angle of approach being such as to 
simultaneously plunge grind an innular shoulder at an end of 
the cylindrical surface and to farind the cylindrical surface 
adjoining the shoulder during k single advance of the wheel 
tov/ards the workpiece . / 

2. A machine according to cllim 1 wherein the line of action 
achieved by the two X and Z movements of the wheelhead is 45° 
to the Z-axis. / 

3. A method of simultaneously cylindrical and face grinding 
a workpiece using a conventional grinding wheel wherein a 
wheelhead on which the grinding wheel is mounted is moved 
simultaneously parallel to /and perpendicular to the axis of 
rotation of the workpiece /so as to define a line of action 
along which the wheelhead/ moves towards and into engagement 
with the workpiece to perfform a single plunge grind operation 
along that line of action/ the amount of material removed from 
the cylindrical and radial faces of the workpiece by engagement 
with the grinding wheel being just sufficient to form the 
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shoulder and adjoining cylindrical surface iln said single 
operation. - / 

4. A method according to claim 3 in which /the cylindrical 
surface which is to be ground extends over art axially greater 
distance than that corresponding to the width /of the wheel, the 
cylindrical surface is ground in a conventional manner (such 
as by means of a series of adjacent plunge c/rinds) leaving an 
annulus of unground material which extendfe axially over a 
distance which is less than the width of the wheel from an 
adjoining radial shoulder which is to be grotind to size, where- 
after the wheelhead is advanced along a selected line of action 
so as to remove the unground annulus and firind the adjoining 
radial face to size in a single plunge gfrind along the said 
selected line of action. / 

5. A computer controlled grinding machiJhe when programmed to 
advance a wheelhead, which carries a Conventional grinding 
wheel mounted for rotation about an axis frhich remains parallel 
to the axis of rotation of a workpiece ,/ along a selected line 
of action into engagement with the workrfiece, wherein the line 
of action extends at an angle of less than 90° to the axis of 
rotation of the workpiece, so that uniround material forming 
part of a cylindrical surface of the wofcrkpiece and an adjoining 
radial end face of the workpiece cad be ground in a single 
plunge grind, in which the wheelhead iioves along the said line 
of ag tion into engagement with the workpiece and away therefrom 
after grinding. / 

6. A grinding machine in which a Conventional grinding wheel 
is carried on a wheelhead which is itself adapted for movement 
along a first X-axis, a workpiece/ is rotated about a second 
perpendicular axis (the Z-axis) aAd is mounted on a carriage 
which is movable parallel to the 3-axis, and wherein the wheel 
rotates about an axis which remaihs parallel to the workpiece 
axis of rotation, an X-axis drive /is provided for advancing and 
retracting the wheelhead parallel/ to the X-axis, a Z-axis drive 
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is provided for moving the carriage parallel tp the Z-axis, and 
signals are derived for controlling the X and Z-axis drives 
from a computer which is programmed to generate appropriate X 
and Z-axis drive control signals to prodLce simultaneous 
movement of the wheelhead and workpiece, such/that the movement 
of the wheelhead relative to the workpiece Ms along a line of 
action which subtends an angle with the Z-ixis which is less 
than 90 ° / whereby the external cylindrical surface of the 
grinding wheel serves to remove material fySrom the cylindrical 
surface of the workpiece and an adjoining ybircular face of the 
wheel engages a radial shoulder of the woTrkpiece to grind the 
latter to size as the wheelhead is advanced along the said line 
of action. / 

7. A method of simultaneously grinding/ cylindrical and radial 
faces of a workpiece, using a conventional grinding wheel in 
which the latter is advanced aldng a line which is 
perpendicular to the axis of rotation of the workpiece. but 
which rotates about an axis which /remains parallel to the 
workpiece axis of rotation throughout , i and the workpiece is 
moved axially in a direction parallel to the axis about which 
the wheel is rotating, so that thJ movement of the grinding 
wheel relative to the workpiece is Jlong a line of action which 
subtends an angle of less than 90°/to the axis of rotation of 
the workpiece, .so that the externa/ cylindrical surface of the 
grinding wheel will remove material from the cylindrical 
surface of the workpiece. to hi ground, and an adjoining 
circular face of the wheel will eAgage and remove material from 
the radial f ace . of the workpiec/e, and the angle made by the 
line of action relative to the ajbcis of rotation is selected so 
that just the desired amount of material is removed from the 
said radial face, as the external cylindrical surface of the 
wheel removes material from I the cylindrical face of the 
workpiece to bring it to sizei 

8. A computer controlled grinding machine in which a 

workpiece is movable by meins of a carriage along an axis 
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parallel to the axis of rotation of the workpiece and 
perpendicular to the direction of Advance and retraction of a 
wheelhead carrying a grinding wheil and in which the wheel is 
mounted for rotation about an aWis which throughout remains 
parallel to the workpiece axis of/ rotation, when programmed to 
move the wheelhead and the workpiece carriage along the two 
orthogonal directions so as to Produce a net movement of the 
wheelhead relative to the worjtpiece along a line of action 
which subtends an angle of les^ than 90°, relative to the axis 
of rotation of the workpiece. 



9 . A grinding wheel for use in the apparatus according to 
any one of claims 1, 2, 5 or 6 , or in the ntethod of any one of 
claims 3, 4 or 7, wherein the externa]/ edge face of the 
grinding wheel is formed so as to providi two grinding faces 
of which one parallel to the axis abofut which the wheel 
rotates, but which comprise first and sfecond f rusto-conical 
surfaces, the first f rusto-conical grinding face being 
perpendicular to the second f rusto-coniial grinding face, and 
the grinding wheel is mounted for rotation about an axis which 
makes the same angle with the axis of rotation of the workpiece 
as the first f rusto-conical surf ac^jajces with the axis of 
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grinding wheel to towards the workpiiece along a line of action 
which is perpendicular to the axis /of rotation of the wheel, 
or the workpiece is mounted on a / carriage which itself is 
slidable parallel to the axis of rotation of the workpiece, and 
drive means is provided for moving/ the said carriage, and the 
wheelhead and carriage drive meafns are operated so as to 
achieve the same relative movement between the wheel and the 
workpiece, along the said line ofl action, so that however it 
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is moved, the wheel moves into yengagement with the workpiece 
along the said line of action^ajnd coolant is dispensed into 
the workpiece engaging regio/^t least between the said second 
frusto-conical grinding surfa^Vajid the radial shoulder of the 
workpiece being ground. 



10. A method of simultaneously grinding cylindrical and radial 
surfaces of a workpiece in which a grinding wheel having two 
perpendicular frusto-conical grinding faces around its 
periphery is mounted for rotation about afi axis which is co- 
axial with the coincident axes of the twi cones of which the 
frusto-conical grinding surfaces form J part, the grinding 
wheel is mounted on a wheelhead so ykat one of the said 
orthogonal frusto-conical grinding surfaces will cylindrically 
grind a cylindrical surface of the workpiece, and relative 
movement is effected between the wheeAhead and the workpiece 
so that the wheel engages the workplace with the said one of 
the frusto-conical surfaces engag/ng to the cylindrical 
workpiece surface, and the othe7 frusto-conical surface 
simultaneously engaging the radial surface which is to be 
ground, and a single plunge grind is performed along the line 
of action defined by the said relative movement such that just 
the required amount of materia^ is removed from the two 
orthogonal surfaces of the workpiece as to leave both ground 
to size after the single plunge/ grind, and coolant fluid is 
directed into the region of engagement between at least one 
pair_ of grinding and workpiece Surfaces. 

11. A computer controlled grinding machine having a grinding 
wheel mounted on a wheelhead thereon for/rotation about an axis 
which is coaxial with the coincident Axes of two orthogonal 
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taneously . 



of the workpviepe simul 

12. A method according to clainf 10 further comprising the step 
of dressing /at^e^st^one^_if Ynot both of the ' frusto-conical 
grinding surfaces, particula'rTiT^th^t^'which engages a radial 
surface of a workpiece. 




